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Introduction
It is estimated that explosion and fire at the materials into the atmosphere. RadioChernobyl nuclear reactor in the former isotopes posing considerable risks to health Soviet Union (FSU) on 26 April, 1986 , emitted during the first week of exposure emitted more than 1018 Bq of radioactive included 13i1, 1321, 1331, and 135I (half-lives of 8, 0 .096, 0.875, and 0.280 days, respectively). During later phases of emission 134Cs and 137Cs (2.1-and 30-year halflives), the long-lived beta-emitting bone seekers 89Sr and 90Sr (52-day and 30-year half-lives) and the alpha-emitting 238Pu, 239pu, 240Pu (88-, 24,110-, and 6564-year half-lives) were more important (1, 2) .
Events during the first 10 days after the accident were poorly documented, partly because of the habitual secrecy then given to technological failures in the FSU. Official reports of acute mortality soon after the accident were that 29 persons died and 203 had acute radiation sickness. The emergency response was considered a military operation and many soldiers from all areas of the FSU were assigned to work in heavily contaminated areas with little knowledge of or protection from radiation exposure. Later, these tasks were assigned to civilians and were better regulated. Because they were said to be liquidating the consequences of the accident, these salvage workers came to be known as liquidators. The total number of these liquidators in the FSU has been estimated to .be as high as 800,000. The specially allowed radiation exposure limit for these persons was 25 cSv. However, later interviews with liquidators now living in Israel indicate that this dose limitation was not always adhered to, even though it may have been recorded as such in health records carried by the affected individuals.
Indicators of past acute radiation sickness, such as history of spontaneous abortion, radiogenic burns, loss of hair, nausea, nosebleeds, or bleeding from other orifices, anemia, and leukopenia, were assumed to assist in determining the severity of the health impacts. However, the reliability of postepisode data obtained by interview is subject to recall bias. Even more uncertain are the long-term effects of low-level radiation exposures, some ofwhich were repeated or extended over periods of months.
In the FSU, there are now several countries affected by radioactive contamination from the reactor accident. The major ones include Ukraine, on whose northern border Chernobyl is located; Belarus, whose major city Gomel was heavily contaminated; and Russia, which provided many of the liquidators. Each country has priorities as it struggles with major economic burdens, but the health impact of the Chernobyl disaster looms as a major concern for all. (10) . All radiocesium body burdens at the time of measurement were too low for any concerns about health (9) . However, the whole-body radiocesium measurements of this population demonstrated that it could be divided into comparison groups coming from areas of relatively high or low levels of ground contamination.
Results
As a result of these studies, much general health information about the immigrants became available on the basis of questionnaires filled out at the time of the wholebody counting. Though these data were based on fallible memories and taken from a sample of volunteers, liquidators reported an excess of symptoms (compared to nonliquidators), suggestive of acute radiation responses.
Blood Psure
Analysis of the physical examination results of 328 subjects from less-exposed areas and 438 from more-exposed areas, followed by a second series of 121 subjects from moreexposed and 253 from less-exposed areas, and 334 subjects from unexposed areas, all led to the finding that older groups of immigrants from high radiopolluted areas had blood pressure levels significantly higher (p < 0.01) than those coming from less-exposed regions. This was even more marked for the liquidator group (11) (12) (13) (14) . The reasons for these blood pressure findings are not clear, but evidence for an association with posttraumatic stress disorder was found using a structured questionnaire based on Horowitz's Impact of Events Scale (IES) (15) .
Thyroid
We sought children for evaluation of thyroid status when it was realized that this was a particularly high-risk group that had been exposed to the short-lived radioiodines 1311, 1321, 1331, and 135I. Together with Dr. Jason Wynberg of the University of Toronto, we initiated an investigation of children from the affected regions because of a) the presumed higher sensitivity of children to ionizing radiation; b) their high consumption of dairy products; c) the increased prevalence of goiter among residents of these iodine-deficient regions (16) (17) (18) ; d) the unknown contribution to dose of the short-lived radioisotopes of iodine; and e) the reported increase of thyroid cancer in children living in Belarus, Ukraine, and southern Russia (3) (4) (5) .
In a preliminary study of 300 young adults and children brought to the clinic voluntarily by parents, our initial intention was to assess the incidence of space-occupying lesions and autoimmune changes of the thyroid. All In summary, no evidence for significant changes in autoimmune status was detected in the group so far examined. However, TSH serum levels were significantly greater (p < 0.02) for girls from high-exposure regions, although these values were within normal limits. Our working hypothesis is that the observed increases in TSH represent physiologic and homeostatic response to past radiation damage to the thyroids of some of the children examined (19, 20) .
Salvage Workers
A small number of salvage workers (liquidators), possibly about 500, are present in Israel although this may be an underestimate. Some of these individuals had elevated exposures during early work on the reactor before the radiation upper dose limit was provisionally restricted to 25 cSv. For individuals who subsequently worked in the strict control zone, it now appears unlikely that this limit was adhered to by all. Goldsmith et al. (12) have been evaluating health correlates of exposure histories and immediate reactions in order to provide a working index of dose correlates. Biological indicators of past radiation exposure are also being studied in our laboratory including serum clastogenic factor and glycophorin A (GPA) in red cells. The levels of both parameters were significantly elevated in the liquidators tested.
Clastogenic Factor
Persons exposed to ionizing radiation carry substances in their plasma that induce chromosome damage when transferred to cell cultures from unexposed donors. Such clastogenic factors (21) were first described by Hollowell and Littlefield (22) and by Goh and Sumner (23) in the plasma of patients exposed accidentally or therapeutically to ionizing radiation.
Clastogenic factor (CF) was measured in sera from liquidators and children from highly radiocontaminated areas. Frozen plasma from liquidators, children, and adults from contaminated and noncontaminated areas of the FSU as well as control samples from persons in Israel who were not emigrants from the FSU were sent coded to the Paris laboratory of Dr. I. Emerit where they were studied blindly. The results showed that there were elevated levels of CF in most of the liquidator samples and, in addition, the Chernobyl children showed increased CF levels, compared to control samples (24, 25 10 aberrations/100 cells (18) . Clastogenic scores for 170 children who came to Israel from Kiev and Gomel also showed significant excess (p< 0.00 1) with 40 above the upper normal limit, compared to only 3 of the 70 normal unexposed children, 24 from the FSU, and 46 from Israel (25) .
Glycphorin A This sensitive technique, originally described by Langlois et al. (26, 27) , measures the frequency of red cells carrying a mutation at the GPA locus in red cells, presumably due to mutation of erythroid precursor cells. Fluorescent moncolonal antibodies specific for group M or N alleles were used to identify the cells that express only one allele.
The GPA assay has been used to show elevated levels of red cell variants due to somatic mutation in human groups exposed to radiation such as those from Hiroshima and Nagasaki (28) (29) (30) and victims of the Goiania radiation exposure accident (31) . Increases in the frequency of variants have been found after exposure to mutagenic drugs as well as in cancer-susceptible patients with ataxia telangectasia (32, 33) and Bloom's syndrome (34) . The GPA somatic mutation assay therefore has been suggested to be useful for assessing cancer risk (30, 35) .
Jensen et al. (36) evaluated clean-up workers from Russia and Ukraine and found significant increases in N(blood group)/null alleles (N/0) red cells in 1 5 individuals that were associated with the estimated radiation exposure. The increased frequency of N/0 variants was stable in 10 donors over a 7-year period. Somatic mutation analysis using the GPA assay were also carried out by Bigbee et al. (37, 38) on Estonian clean-up workers exposed to ionizing radiations as a result of the Chernobyl accident. However, in this group, the frequency of variant erythrocytes was low, suggesting that the dose to the workers did not exceed 10 cGy, probably too low a dose to result in detectable damage to erythroid stem cells.
We used the GPA assay to measure the frequency of somatic mutation in red cells of a sample of clean-up workers who immigrated to Israel. As described by Wishkerman et al. (39) elsewhere in this issue, the Israeli liquidator group showed significant elevation (p<0.001) in the frequency of red cell mutations at the GPA locus compared to an unexposed control group.
Psychosocial Studies
The Chernobyl immigrants underwent severe and chronic periods of psychological stress after the accident. They are still fearful and concerned about the potential hazards of radiation exposure, and added to this are many of the other stresses they have had to undergo as a result of relocation and immigration. Recognizing these problems, studies on how best to interact, diagnose, and treat these people were initiated in conjunction with Dr (40) . Interviews were conducted with 700 people, half of whom were controls from areas of the FSU distant from Chernobyl. A striking association (p< 0.00 1) was found between the percent of subjects with elevated IES scores (15) and the degree of radiocontamination of the region of origin (14) . Our studies therefore provide evidence for posttraumatic shock disorder among the immigrants, the prevalence of which becomes higher the nearer the previous residence was to Chernobyl (7% in nonexposed areas, 15% in regions of relatively low exposure, and 30% in persons coming from areas of relatively high exposure). Moreover, significant correlations were observed between blood pressure increase and cancer fear, and somatization of symptoms and symptoms of PTSD. This work is currently ongoing and and has recently been reported (13, 40) . Current work indicates a diminishing of these abnormalities with time since immigration.
Discussion
Our body-burden measurements that are among a part of the immigrant population seeking evaluation and care have allowed us to document the importance of groundlevel radiocontamination of areas of previous residence as a variable that permits separation of immigrants into groups with greater or lesser past radiation exposure that can be compared for different possible health effects. We compared such groups for thyroid function, the presence of blood cell mutations, and psychosocial changes.
The finding of a relative increase in TSH among girls from higher exposure regions (though most TSH levels were within normal limits) has several alternative explanations. One Information obtained from such a study would be useful to assess relatively low-level consequences of radiation as well as to determine the health effects on a population due to radiation exposure from a nuclear reactor accident.
